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• Quantum Chromodynamics (QCD)

- Symmetries of the QCD Lagrangian.

if all quark massless then we have chiral symmetry

- Spontaneous breaking of chiral symmetry by quark condensates.

- Explicit breaking of global chiral symmetry by quark masses and chiral anomaly. 

• Effective chiral models of  (QCD).

Introduction

AVlfrflfrf UUNSUNSUNUNU )1()1()()()()( =



• Decay of the pseudoscalar glueball into scalar and pseudoscalar mesons.

• Decay of the pseudoscalar glueball into excited scalar and excited pseudoscalar 

mesons.

• Decay of the pseudoscalar glueball into the scalar glueball.

• Decay of the first excited pseudoscalar glueball into the pseudoscalar and the 

scalar glueball.

• Decay of the first excited pseudoscalar glueball into the pseudoscalar 

charmonium state.

• Decay of the first excited pseudoscalar glueball into scalar and pseudoscalar 

mesons and their first excited states.

Motivation
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Fields of the models

• Mesons: quark-antiquark states ( )

(scalar, pseudoscalar, excited scalar and excited pseudoscalar quarkonia.)

Quantum number:

• Glueballs: Scalar, pseudoscalar, first excited pseudoscalar glueballs
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Decays of the pseudoscalar glueball  



Interaction Lagrangian for the pseudoscalar glueball with scalar and pseudoscalar

mesons

A globally chirally invariant for three flavours

where is a dimensionless coupling constant and Φ reads for three flavours, :3=fN
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Glueballs

Lattice QCD calculation

[C. Morningstar and M. J. Peardon, AIP Conf. Proc. 688, 220 (2004) 

[arXiv:nucl-th/0309068]]; 
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Two experiments related to our work:

1. PANDA experiment at FAIR facility.

It will be capable to scan the mass region above 2.5 GeV.

2. BESIII experiment.

The resonance X(2370) could be a pseudoscalar glueball with a mass 2.37 GeV.



- Predict branching ratios for decays into three pseudoscalar mesons

W. I. Eshraim; S. Janowski; F. Giacosa; D. H. Rischke. Phys.Rev. D87 (2013) 054036 [arXiv: 1208.6474  [hep-ph].

The decay of the pseudoscalar glueball into three pions vanishes:



Predict branching ratios for decays into a scalar and a pseudoscalar meson

W. I. Eshraim; S. Janowski; F. Giacosa; D. H. Rischke. Phys.Rev. D87 (2013) 054036 [arXiv: 1208.6474  [hep-ph]; W.I. Eshraim and S. Janowski, PoS 

ConfinementX 118, (2012) [arXiv:1301.3345 [hep-ph]]; W.I. Eshraim and S. Janowski, J. Phys.Conf. Ser. 426, 012018 (2013) [arXiv:1211.7323 [hep-ph]]. 

Could be measured bywhereas

The full width of the pseudoscalar glueball is expected to be small
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Interaction Lagrangian for the pseudoscalar glueball with (pseudo)scalar and excited

(pseudo)scalar mesons

A globally chirally invariant for three flavours

3=fN

W. I. Eshraim, [arXiv: 1902.11148 [hep-ph]]

D. Parganlija and F. Giacosa, Eur.Phys.J. C77 (2017) no.7, 450 [ arXiv:1612.09218 [hep-ph]].



The assignment of the excited (pseudo)scalar mesons

D. Parganlija and F. Giacosa, Eur.Phys.J. C77 (2017) no.7, 450 [ arXiv:1612.09218 [hep-ph]].



Branching ratios for the two- and three-body decays of the pseudoscalar glueball

W. I. Eshraim [arXiv: 1902.11148 [hep-ph]]



Decays of the first excited pseudoscalar 

glueball



Interaction Lagrangain for the excited pseudoscalar glueball

with a pseudoscalar glueball and the ordinary scalar and pseudoscalar mesons

with a scalar glueball and the pseudo(scalar) mesons  

with scalar and pseudoscalar mesons  

Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].



Branching ratios for the decay of the excited pseudoscalar glueball into

the pseudoscalar glueball 

Results 

Could be measured by BESIII and PANDA!

Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].

The branching ratio for the decay of the excited pseudoscalar glueball 

into charmonium state



Branching ratios for the decays of the excited pseudoscalar glueball 

into PS and scalar-isoscalar states as well as      and       

Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].

Could be measured by BESIII and PANDA!
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Walaa I. Eshraim, Stefan Schramm, 
Phys.Rev. D95 (2017) 014028 
[arXiv:1606.02207 [hep-ph]].

Could be measured by

BESIII and PANDA!

Branching ratios for the decays of the excited pseudoscalar glueball 

into scalar-isoscalar states

and (pseudo)scalar mesons       



Interaction Lagrangain for the excited pseudoscalar glueball

with excited scalar and excited pseudoscalar mesons

with the ordinary (pseudo)scalar mesons and the excited (pseudo)scalar mesons

Branching ratios for the two-body decays of the excited pseudoscalar glueball 

W. I. Eshraim, Phys.Rev.D 100 (2019) 9, 096007 [arXiv: 1902.11148 [hep-ph]].



Branching ratios for the two- and three-body decays of the excited pseudoscalar glueball 



Branching ratios for the two-body decays of 
the excited pseudoscalar glueball 


